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SYSTEMATIC 
MANAGEMENT 
SERVICES, INC. 

29 m m  1991 

FraserR. Iackhart, Drrector 
mvirrpunMtlrl Restoratton Di-n 

Rocky FLsts 
GoU.eu, CO 804026928 

De-t of Energy 

Attachment 3 

Re: Re- o f  Baseline FZhk Assessment and EXlvfmmIenW Evah.I&&n d!: 

(1 ) October 1991, prellmurary Draft phase I RFI/RX Work Plan for OUlO (othet 
oumde dosures) at Rocky Flats P u t  (3 volumes) 

(2) June 1991, Final P-Il RFI/RI Work Plan [Bedrdc) ,903 Pad, Mound 
and East Trenches Operable Unit No. 2) Rocky Flats Plant 

Dear Fraaer :  

I recexved the sub~ect documents within your ocbober 16th padcage tn me upon my 
return f rom RFP, on October 28. Sbce the items listed above have a l’hAnlcne af 
today I am providing my comm8nt6 to you follawing only a day’s r8v iew ob the two. 
I have also not been ahle to reach H A Z W  staff to thair oommants. 
Evidently, they are ln meebngs toclay; the phone6 have not been anmmred at stther 
Randy Harrfs or Tom B r s ~ n a n k  office. 

Both D ocuments: 

1. The mthodology to be used for risk -t (actually human risk 
V t )  and f a  enmnmental evaluation (actuauy POPUIIS~~ML =a 
oommunity evaluation) is m u c h  less devebpecS than the balance of the W e  
Plans. Them is an &plied or explicit promrae [see page &13 of the OU 10 
workplan] thattheexpogurescenarzoswillbedeveloped, aaeumptLoarsetatecl, 
and data use spedfred at some future point and submitted bo ESPA far rrlvfew 
and approval. I have the f o l l m g  concerns: 

A work plan rn belng subnutted which wzll support the devapnmnt of a Wth 
risk a88essment and env&onmntal evaluation uncler bazdxm [that i. 
remediaI. actions] amdftlons but we do not w e  in ather than the moert 
geaeric o f  ways the followfng: 

data needs including paraxneb for msaaurement, frekqll0ncy 
data qualfty obpchves 
the level(s) of resolution analyses wlll be perfonaed 
spe&Xc methoda to be used for asswemat 
lev& of risk [impacts J tD be resolved/predicbd 

“Controlling R e  Future” 
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1. 

2. 

3. 

The riak ZuIESBbamsnt overview (p 8-1 Volume II) sbtos that the bQ6dhe nUr 
asaeasment will serve a~ justlf3cx&bn for doing nuneQisl actjnru. It W a w n  
more approprtate to dFsEUs6 the role of the bamllrm human Wth tfsk 
assemmmt presented in sact~on 8 and its role in BebsrmLntng need for 
remedial actfwrs when coupled with (1) AR?LF~, (2) effluent una exn&&m 
WOB, and ( 3 )  environmental (emlogiW) zbk LUBBBBgment. 

TheLastEIBntsnce~pazbgrapfionedtarsthsEPAguFdanctfar~~hu~nan 
health impacts "as par t  of" thb bwdine rfsk ammamint - we fail ta clearly 
define any other parts and It is not apparent to themdar thatthon are any. 
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OctDbar 29,1991 (BSA CCXIWsllb) 
Review od Bssellns wsk AUmmmenta (OUlO, OU2) 

4 .  

5. 

6. 

7. 

8. 

9. 
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5. 

The level of detail Fs FnconaLstent with that prapared for OU10. 
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October 29,1991 (BSA Cammeats) 
RgvLew af BaeoUne Risk Assescsmts (OUlO, OU2) 

Thanks for the o p p o M t y  to revfew and commant on theoe work phlti. 

Beverly 9, A m w ,  PhDl 
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AN A R G U M E N T  FOR ECOSYSTEM LEVEL MONITK)RING* 

\ 

I . .  

(Received 23 Fcbnuuy, 1 6 )  

* 

1. ~ C t l O I J  I 

There Is rncrcaslng pubLC awarc~t ts  of the d r a t  and irrbrsct d&+atd &WU d 
contaminants on taresmai ecorysccmr. Even the rubtlc effccU of oontqnmaats may k 
manifestod der many y w t  of cxposurc (e g , acidrc pnc@tatxm dfwtqoaproductinty 
or the spread of toxlc chemicals from buned waste), The pubkc neadL xcwllrtp# drat 
conunutd mdustnal dcvdopmm, enwoDmental dccctntarmndoh and contd 
technolopes applied for conmmtnt of conmuaants do not n e c a s s r ~  noput k e r -  
nblc degadauon of envrronmrntal quallty and dcgcneraoon of humsr( health In fnct, 
the pubhc demands evldmce bat these or;trnUcs do not taunt bqnificont b a n  
exposun or mcrealrcd envlronmeaul dtgadauon 

Documenttag changes rn enwonmental concentrattoas of contnmlnantmndresultant 
b~olog~cal/ccolopcal effects bave been lurgdy lepskurvdy mandatcd The U S Nodc!nnal 
Enwronmcntal Poky Act (NEPA, P L. 91-190) rqms that brmltdge d eU&g 
conhtlons be estabhshed pnor to major acbvtty and that chmp dwbg and f o h g  
these acuvit~es be mabhhed Condrtlons set forth in the Clean Air Ah (P L 88-206) 
and the Water Polluuon Control Act (U S Code 1970, Tde 33, Sactlon 1171) rquva 
repeated measmmmt of pollmt IowAng and dutniuuon Spc& Uec~be or pmmrt- 
rcqurnng tclpslauoa ( c g ,  Natwnal Pollutant Duchnrgc E l i r m o a  System to tbe 
Water Pollution Convol Act), the Resource Contcrvsllan and R m  Act (RCRA, 
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P t %SO), Ftdcral Snstttindt, Fungicrdc, and Rodenmde Act (FIFRA, P L 
92-516), and the Toxrc Substances Control Act (TSCA. P L 469) demand or lmpb 
moni~~nng of inputs, &smbuttons, and/or biologicaf/sn~ogrcal responses 

Additional mottvntton for dcvclopmg .I vlablc rnonitonnl: StraLegy has ColzlC ftOm 
cifltefls' action p u p s  Expacnce of the last few years has shown tha comptanct wrth 
exinmg rcgulat~ons docs no1 ncccssarily asswe pubLC health and safety or enwonmental 
qualrty Metmg aisung regulntions does not neccstdy yarmtee that mdustncr d 
not bc held accountable for present enwonmental mast at tome future tune For 
example, the coambutors to mxic waste dispasal facilrtrer are bang finmually 
responsible for the  r t m d a l  mtnsurcs rtqrurcd to contam tbesc wastes away from 
cnvrronmcntd media 

T h e  U S Envrronmenml Protecuon Agency (EPA) 1s attcrnpung tu unplcrncnt the 
host of congressional mandates by testing chemicds mor to release and rnonrtunng 
contaminants m the 6eld Increasing emphasrs 1s bernp placed on monrtonng tcologrod 
conscqucnces m the field This approach IS due to the lack of adequate laboratory tttmg 
protocols (under P L 469) and thc lack of knowledge of potmttal pollo*mt syntrprbc 
interactions whch may occur UI the mvironmcnt 

This papv has as 11s objective to present the theorclrcal and cxpmmentd baus for 
r ~ n  ecoryrtem level monito: and to argue for m use as rhc p n m q  tool to conmually 
ga5c environmental quality 

2. Thmrttical Basis for Ecosystem Monitoring 

An ecosyslern consists of coupled synthesis and degradabon processes which PIlow a 
persistelit rtcoprzeble biolopcal assemblage to purist through Ume (Weis$, 1971, 
Blackbm, 1973, Wadc and Websrer, 1976) FJpre I sbawr iul uctremly mpbfied 
diwam of ecosystem function ?here are two rtservom of raw Iuatcnals, atrnosphenc 
and gcolqic Together with precipit~t~on and anthropogauc rnatrnalr these prowda 
inputs io the assembiages oibio~cochemical processes calied ecosystems (Odurc, 1971). 
That cissemblagc can be viewed simphsmdlv tis B synthesis ryrtcm integraung carbon, 
nutn:nts, and s e l a a j  anthropogenrc inputs into B wiae variery or compounds withm 
biolopcal and Jbrouc componentr (e 8 ,  soil, vcpcbtion) 

Taken nnt siep further, Fjgurc 2 shows a conc.cpuIal dragram of the ecosystut! 7hr 
larger crrclcc represent ecnsystcm components such as liner and vegewon (I e ,  pools 
of orgnnic arrd inorganic compounds) Each component mdlcractr with o t h a  via 
processes like consumption, mtnficatton. or hydrolysis ne processes glr integrauvc 
m d  syncrplsuc minirnmng txnans of esscntial elements mil pllscou, solute or erosive 
lostes [Bormm and Likens 1979) 

W h d ~  Weiss (1971), Odum (1971), Bormann and Likens(I979). O'Ntrllad (I977), 
and Schindlcr er u/ (1 960) have rcpeatdly cmphnsucd that the ecosystem should be 
d primary focus or cxpenmentd studies, the srewd-the-an for pollution studtcs has 
rcmmed at thc population and communitv lcvcl oforganueuon The lack of saentafic 
rimr~nltnlion on ihc in~cgr~lcd. bmcbrrntcal rcqwnscs of an eco~yslm to pllrrimt 
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Fig. 1 A hrthly tlmplifid dtapun of an ~ y w m .  j 
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stress IS the major bamer to dcvdopmcnt of a mbic tcrr8$tnal ~ W n n g  Prgram 
applicable across the United States 

Chrsngts IP populaian snd community dynsrmct can occur Wh hnlt dslt On 
ecosystem lcvcl processes For example, over a ttrne pcnod, a darmmaat producer 
populntlon mpht be replaced, but the pnmafy produaiun pfocds6 mght tallam 
relatively const.int (O"al1 and Giddmggs, 1979) Studies of spccahr or co-ty 
efleLts of a pollutani made m the laboratory or m the field coonot Itdl to miCreaces0 of 
ecosystem responses to that pollutant because (1) the C 0 t n p a f ~ ~ 1 W O f  M eCO8yrtem 
bchwvc dlffvcntly when isalatcd from it (Rorcn, 1972, MOKWK, 1966, McNaughW, 
1977 I O'Nd1 md Warde, in press) and/or (2) compcnsatbry mechaadnr may attenuate 
rcsponscs of components studies wth a rysttm 

The c m  of ccolo~cd theory upphcable LO rnorutonng is to approhch it 18 it wits, 
33 B biogeochemic~l unit (Hulchmson. 1948, h e  cr af ,1975, Schi$dlo rr ai, 1980). 
Mewuremats made, &en. should rdcct tbe utotrophmhaaompb couphgs 
(Odum. 1971. Ausmus er 01, 1977) rather than sets of spccim of or8.1)1em, For 
cxamp~c, nitncnt cyclmg md retcnuon xn te- ccosyrtrmr retud horn thebcaoPal 
synchrony of ~utotrophs, hattouophs. and 8011 biochermcal m d c r  ( H u r l 8  dl  al , 
1974, O'Ncill CI af , 1975, Overton, 1975, Rnchlc cf d, 1975) By +uaag on ruch 
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mteracuvc processes. i t  IS posslbk LO ~dmtlfy, evahate and employ rnonitonng pomtr 
refkctip short- and long-turn changes in the LoUd tcrrestnal ecosystan (Patten, 1975) 

Nutnrnt upon rates (O"cil1 cr al 19771 arc obvrour nutnent cyckng monitomg 
points m tcmstnd ccosyrtcms becaurc theseexpoR6 reflect themmxcbons of biologscd 
and c h m c d  proces6 Howevt-, hey mar DO1 r e d  Ihe mechanrrm(s) CaUStrrg tbe 
change That IS.  whde nutnent flux may be the most sensrUvc indrcator of stress because 
i t  IS the hrghrst order interaction w i t h  the systcm, the rpafic causes mdestmg 
biocbcmd and/or biolopczl changes w~ll no1 be obvious from these mea6uremmU 
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alone. Appbcaboo of codltol i h m y  ID furs1 cco~ystems riudiec suppons such an 
approach, susgenurgnutrren~s m sori solution as rrp opbmal monlior of the forest s t m r  

. I '  

& ' ' I 1  

(Shugm CI u l ,  1976) An opiimd mnniior in the desert mghr be gaseous nitrogen 
cyclmg usmg musuremtnls of frxabon andlor denrlnfjcabon (Ausmur and Ddson. 
1978) 

they respond 10 all SVCLSCS, mcluding natural environmcntul rhon-lrvcd phenomena 
(C E,, frcczeihau cvcnis) (McGilI, 1980) Chranlc s m s  C ~ U S U J ~  E dqmdamn m the 

. 
I 
I Whle nutnem export rates offcr potahally a very sensitwe index of ecosystem status, 
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3 Expcnmeotal Bas= for Ccasvstem Monitoring 

In terresmal tcosysterns, nutneni cycling processes are dommaotly present m the 
rootang zone, controllme the rate of nutncni expon Except in tropical systems wbere 
Imer interarbons dommate, soil i s  the m a w  of thccc ~nteractrons (Alcxander. 19151, 
Gardoa and Ashby 1970, McGiU, 1980) Tbc pools of nutncnts and thCK chernrcd 
fonns in dl teficsvrd ecosysum componcnlr then wc the results or these mtwadi0~6 a 

TAB1 E 1 
Summum of rcrrrrl m d i a  rhomng the cRcetr of both chemicd and nonchemiul simscs on (erresuid 

nuineni cxpon rcics 

Eeosyncm Stress applied Nuirim erpon rerponrc Rcfcrenas 

Forer: 

Forcsl Soil 

Grnrrlrnd 

Forest and 
pauland  

Dctcn 

hpricdturd 

Arctic 

Ckarcurung (held) Increased h CA, AI, M p  
Nu 
NOL-N ~OSS 

lncrcarcd NO,-N rnd L a  
Inas, mcrsvrcd C02 lost 

lncrcrred NO+ low 

D o m m  M d  Lkcnb, 
1979 

Tree prdling (held) Edwards and Rorr-Todd. 
197Y 

Vitnurd. 1977 Vilourd 
r8 EI 1979, Vilouwk 
urd MdW 1979 

J~ckton ci u!, 1977, 
kurmus CI a l ,  1978 

Soil ttmchmg (field) I b 

Increased Co Mg 
NO,-N and CO, loss 

Lend rmdicr 
misuolls (miwe 
CLISYB) 

HexachloroDenzcne 
(micmrm) 

Arsenic (field And 
mmnmrm) 

Auamur rf a!, 1979 

lncmsod PO,-P. NO,-N, 
NI14-N md DOC k l b S  ID 
rnicrnCOCm b 

Jockson cf a!,  1979 

Acid rain (held) 

CAdnllUm ImiCriJ 
corm) 

1-3 Butadiene ffirld) 

Simazint hdonc 

C a p m  (nurrtr) 1 

ceresin 

Aurmur and Uodton 
197Y 

Decreased nuiricnt ksc 

Dencmcd rnil rcrpimtior 

I)CCfCt3bCd rmpiraiinn 

I t i c rc~rd  G Jnd Mp 

nitriftwlron 

ni:nficatim 

Icrchiny 

Pruen 1973 

Gaur and Mum, 1977 
I 

A&nihorn 1971 
I 

' "i 
, - -  . *.. 

kmorvcquar Fard cl a! 
IVRU 

Feedioi manurc 
f Irborriot) 
incubatiunl 

Brvan' and Parkinson, 
19711 

I 

hl rthmol f lrbora 
iurv and field) 

lnhihilcd CO effiux 

I ll 
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within the rooting zones There is good upenmental cvldencc that both nwmt upon 
and nutnent pols  arc useful ecosystem monitom 

The responses of nutncnt export to both chemcd and nonchanwal i trusts have been 
published Nutnent expon can occur as paniculiitn (resuspnrrloa crosron), solute8 (lo 
groundwuter or rurf~~cc drmagcs), or gases (rtmocphenc louts) Dcpcnd~ug upon the 
ecosyrtcm md the swss opplid, measurements wdul rn monitoring nutnent export 
drffer for  exmple. solute a d  gaseous autncnt losses may dormnntt uncduvated 
systems such as forests or prolnc wbile paiculatcs mny be as impmnnt 11s rolulcj or 
gases in detnmming export from cul~vated sysrans 

Several studies showing cffccts of chemical and Donchemical W s e s  on ferrestnd 
nuvlent export rates arc summarued in Tables 1 and 11 These effects have &ea 
reported in mesic, and. and tundra ecosystems and in response to a vrvlcty of strcsscs. 
Increases in gaseous or solute numents arc shown In each case 

For example, there IS a highly predictable rcialloarhp between annual output of 
dissolved nutncnts and streamflow in a forested watcrshd. As U r n s  et uf (1970) 
descnbe. cleiucuthns severely mcraaed brsolvcd nuvlent 1034 net losses approd- 
mating eight times that of unatTected condmolrs. NJUO~CZI losscer mmaacd 160 fold and 
were atmbuted to lack of pnniary producer uptake and lncroasd rntcs ofdecompositron 
(Smith ct al , 1968) Similar results were obtained by tnnchg  forest roll (Vitouwk, 
1977). NO ,-N loss increased significantly 

Stms applied by prdling vecs ID a Linodtndron stand made i t  porsible to decouple 
autotrop~c-heterotrop~c processes Response of the fomt ccooyslem l n c r d  
NO,& and Ca loss beyond the roomg zone and mcnascd Cot loss fkom soil (Edwards 
and Ross-Todd. 1979) Increased Ca and NO,-N loss was also rcportod by Brown ut 
a! (1973) for the Oregon coast range as a ruult of cutung and slash-burnrng pad by 
Auberbn and Pntnc (1974) m West Virmnia as a mdt of cltarcutapg 

Deposition of lend smelta baghouse dust upon A c a  rubrum ~ c r o c o i m i  resulted in 
increased CO, cfflux and dissoived nuwent (Ca, Mg, K, and NO,-N) oxport from the 
intact excisd soil (Jackson ct a i ,  1978) 

Increased C02 emux ruulttd frum hcx,ichlorobtnzcnr eontammation of forest sal 
(Ausmus et alf ,1979) and csdmum contamnatlon of desa sod (Ausmw and Dodron, 
1978) Arsenic contamation lncrcased dissolved P04-P, NO,-K. and DOC 
loss from grassland soils (Jackson er a!., 1979) Feedlot manure addrtionr to soil 
columns in the I abo~tory  increased Ca and Mg leachg from rhe so3 (Amoortqulu- 
Fard er 01, 1980) 

Dose-response dationshps have been estabbshd for scvaial chmaicals m l a b  
raiory-incubated, excised, m t e ~  mmocosmt (Draggoa and Giddmgs, 1978; Aucmus 
et of, 1978, Jackson c t d  ,1977,1979, Arwnus el d ,1979 , cirlcm el ul ,1979, Complex 
ef3ucnts or process wastes have also ban tasted m tbrs manner (Duke et uf ,1977) and 
dose-response relationships established In general, autncnt export upcrea8c8 85 a 
fuwtion of chemical contamwant conccnvauoa At b q h a  doses. export ram may be 
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Apnarliunl Toma10 prournng 
WISICl (field) 

Feedlot wutc ffteldj 

T i m  n d ,1980 

.. .... 
. *  

Ward and Wrm 1973 

Wahwifil and Pugh, 
I974 

Bcnoryl (laboralor)) 

Benoxyl, dvrcnc, 

so, 
m8nob 

Muur md Hughec. 1975 
C .  

Hciuchrmdt e: ul , 1978 

Acid Run 

Forest Huvy mer& (Reid) 

h 8 d  COppCr zinc 
(fitld) 

Heavy mnrlc (field) 

bickcl, copper 
RuhLDa and 'Qler, I973 

Fmdmrn~nd 
Hutchinion, lY8oI 

Acpler. 1975 

. 
so. 

i And rnm (field, 
loborainryl 

Heavy metals 

Tunm. 1976 . 
I 

Jnrkson and WarLon, 
1q-n 

I 

Ornuland lnrtcllclde Barreit, 1968 
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drarbcrlly due to the depleted nutnent pool In roll or due to rnNkuon of whole s t u  
of processes such ns lltLOd#;ompOsitbn (Jackson and Wakon, IYn, u d  
O'Ntill. 1979) 
The sensitivity of nummt cyckng rneasurcmcntu (both export urd pool ruer) d ~ e  

to populations and community rncasurtmcnu wan demoastrnld by OWoU et uf. 
(1977) In both laboratory and deld stuber. nutncnt cycb8 effects occumd at lower 
chemicd concsntrauons than measurable populauon or comtnuruty dam BormM 
und Lkarri' (1979) analysts of the Hubbard Brook cltarcuttmg aparment conbms 

studiec of coal conversion processes sponsored by EPA~Indurknd Envmmnmd 
Resesrch Laboratory (IERL), relaw scnsltiwty of saved biolagrd and ecolopal 
rneasutuncnta to complex chemical mixtures can be compared. Warn comparable data 
arc avdoble, expolf of sod nurncnts and CO, dauJr from sod were more rsn&vc to 
chcrmcais than bdoglcal evduauons such as the Ames srrny (Amos et a/, 1975) or 

An ddiuontd argument forthe mportrnce of mwunng aoryntem rerpnra to rtrerr 
can be made from reclamation studies Bormm and Likens (1979), Pukmrorr rr 01 
( 1980), and Walker and Adam (1958) have documented thc tbcovcry of nutnont cychrur 
processes as bdog~cal rcorgaruzauon bcgms McGffl (1980) nom that N P rrtror 
decrease as orgmc phosphorus increaser whereas C and N accuxadabon mthrn the 
soli IS dependent upon carbon =put rate and we would w e  dm dependent upon 
carbon form Edwards and Ross-Todd (1979) report that aAn trm ovdlmg total CO, 
efeux from the forest Boor was not drfiaent from thot m mtrd plots w h L  CO, 
rtspiratmn from sod (less roots and titter) was much p s t a  Cubon knt ftom duruprod 

consmation 

these observauons (Likens er a / ,  1967) From an ;urdysis of data resultq from pilot 
~ 

I 
i acute ecologlcd effects tau 

roll biochemical processes was ewdcntly compcnsrttd for by root and lraet carbon I 
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3 2  N v n u E M P O O L s  

Numeats are retauled in tmstnsl ecosystems m strata such u Ltter and soil and ha 
biota both aboveground and bclowpund The concmtrsuom of nutncnu m b r o 4  
htrcr, and sod arc affected by chamcal contammation. Nmmt pool m-urtznatt.6 may 
be mcrcascd or decreased by chermcaf coatarmnabon depcnhg on the loadmgrate and 
the length of bme that the m p u ~  have occured For oxample, a streus caurrng httco 
dtcompositron &sfuption m&t be mitaal)y detected ax urcrca~td htta nutrrerrt p i 8  

for a pcnod of hmt and rubsqucntly as depleted pools (e.&, hghcr C/P) rRa nutrianu 
arc leached by phyriochcmrcal processes Nmatlvcly,  p l a t  nutncnt poob md 
pmductlon could be tcmporady xamasd due to inmartd a d  roluaoo coacuak&nt 
of nutnenfs caused by physical or chermcal stress (Gempet and chaltnor, 1975). 

Represmtauve studrcs s h m g  the effects of chenucd CoLltSrmzLaton on nlrtr#nt 
pools are listed rn Table n. Scvaal studm show cbangcr u1 cxtrwAabk or av.Ikble ud 
numcnts under chermcal contarmaulon (T'm et 01, 1980; Smth er ul., 1980; 
Wmwnght and Push, 1974, Foster and McQuttn, 1977; Muur md Hughaq 1975), 
Tarnrn (1976) notes sod C/N mc& an rcspontt to =id pmpitohon. Many smdm 

. 



abtlity of an ccorystm 10 persist m u 1  dso be detected m Le anmeat pools of 
ecosystem cornponenu ( t 8 ,  lrucr or aboveground plat  truucr) beform stnrctrval 
cornponenu hn permaocntly altered Rgure 3 IS a conceptuJltaWo of tho roil nutncnt 
pool and its nument export monitonng p t n t s  T h e  smsiuvrty of the potmud expons 
(cspmtally soil soluhon export even though it IS very r m d  comparod to the total amem 
pool) will eventually reduce these pools in one or more ccoryrtcm components Some 

1975) or C P (McC111. 1980) in bttcr or other substrates may allow pa& cvaluauon 
of aoayrtcrn $talus. Cromack et uf (1975) have shown Chat dsompouuon rater CUI 

be acurately prcdlcied using recdcitrant carboaconcentrooonr ruoh m i  h p m  Chnoprng 
carbon and nunent Lonceakutlons in tissues may be lndlcawe of strtjs. 

I senritivc mcmms of numeat pool chmgu such as lrgnia ~uuogcn (Cromack e1 d , 

L . . I .  
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show Increased litter D U I ~ I  pools due to chemicd disruption of cycling procesrcs 
(Anderson t i  ul , 1980), Ruhhng md Tyler. 1973. Wad and Wdsoa, 1973, Bamtt, 
1968, Freedman and HuLthmson, 191(0a. Hmchlnoon and Havus, 1978, Hulchmson 
and Whitby, 1974) Longer term (higher contamination levcls) effects were shown by 
T y l ~  (1974) nnd Jackson and Watson (1977) who obscrved dcplaed nitrogen pools in 
hltr due LO hcaq metals 

Sulfur dioxldc has been shown to at least tanpormb, ltlcrtase Ca Mg, Si, and K rp 
lad ttsrues (Ziepiu, 1975) md to decrease crude prolan (Schwanz ei  d,, 1978) 
Wheatgrass N S tau0 was decreased by mcrcaocd sulfur rncorporated mio ussua 
(Hutrchmrdt #I a l ,  1978) 
There is evidence that ratros of nutnents may be more sensrtlve or meaningful mdices 

of chemical stm~ than nument pools alone For axamplc, !ynmn/N of Id tissue has 
been shown to be B mom accur8te prcdicior of leafdccompotitron than lrpnln or C.N 
(Cromack CI ul . 1975) Rauos of nutncnts dcnvd from dlacrtnt reservous (e E, CP) 
(carbon from atmosphenc CO,. phosphorus from mnaalr) may be very scnsxuv~ 
r n e a ~ ~ t e ~  of coosysem stress (McGil. 1980) Resolutlon of the best measures (e g , 
ortho-phosphate of orpanic phosphate. total carbon or recalciuani carbon) 1s not yet 
possible from tbc data available 

4. Coaccpturlirnbon of lrrurricnt Cycling Dnruptbn 

7 h e  mdence presented above clcady aemonslzates notnmt cyeh arc seasitwe to 
chermcal conLIUnmauon An hypothesis of the mechanisms and constqutrrcts of 
nuvient cycling disrupuon is presented m Figure 4 Tamm (1976) has tpec&xlly 
applied a more s p d c  hypoherrs to the eRects of acid ram on terredlnal tcosysluns 
Our hypothesis rlztcs bat lrtrer-sod biochemcd and rmcrobid mteracuons M disrupted 
as a funcboa of anthropgaic deposrtronr As rp result of these aimptmns, tunporarily 
greater solute and gaseous pools of nutnents we rtltascd These would potcnaally be 
available for plant uptake and/or export from the system dependlng upon the season, 
root activrty and mttcorolopcal condirions (see Figure 4, S t q  3) Decrease ul 
biochcmtcal and microbial mieractions in hna=rod mcruscs C/N. C/P, m d  
bpin/nutncnts prowding for the rnhrbiilon of nutnent cycling processes Increased 
export of nutnmts Eventually lowers nulnent evallabbrlitp 10 producers. decreases 
nutrient retention wthm the system, nnd leads to long-term fenillty and producbnty loss 
at the site. 

A temporary increase m pnmary production as a result of mcrwed nutnmt uprake 
may mull  JII rnmased detnirtl inputs (see F r ~ r e  4, Sicps 1 and 21, zemporirfly 
oRssatmg for a finite ume period in the htttr-\oil nutnent deplcbon above However, 
these organic mattnals. if nument processes reman disrup~cd. will no1 be availnble for 
recvciinp to producers ~tl appreciable concentrmons or dl the specific poms m m e  
w h n  maXlmum uptake might occur in a natural system (Ausmur cr ul ,  1977, Tylc;. 
1972) 
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5. lmpluncatition of an Ecosystem Mmtorlng proorM 

I 

I '  

Endmce is now nvadable from vivlous laboratones expenmenung wth a bort of 
chemicol cont3rmnants whch unequivocally substanurrtcd the cooaepu of tsm8W1d 
nomcnt C Y C ~ ~  processes as tensitwe tndicators of polutaut effccu on ecoryrtmrr. 
Moreover, the level of evidence now awlable strongly rugp~ts cwsauvc mcchPitlcms 
of nutncnt cycLng response to chmicol stress 

Perhaps the delicate mterrela~oos~ps laking place Wowground among roil phyma- 
chemical constituents, microorgmsmc (regulated by mnrttbrateo), and plant mots arc 
the most sensitive to chcrmcal stress of the enure kmstnal tcosystan It IS bcrc, too, 
thJt many chemical contarmnants accumulate bccnusc of the high Odsorp~vo caprcrty 
of soils Thus, soil-mrcrooqan~sm-root rntencbons should mdtcatc the uutld a d  
continual responsc of n terratnnll ecosystem under chemrcd stress Impiementabon of 

monitonng programs to be snllsfied The mJmd costs of Incas- Putnat export 
from ecosystem cnmponmts would dlow long-tam implcmentatloa tu a momwnag 

allow the formulabon of mttrrungful mcchanisuc hypotheses of numuat disrupuon. 
These data could also be used to projtct Cuuln popuhon md commauuty dcU 
(O"cill e; ul. 1977) Such a monrtomg ttratc~y would allow rapid drtsuon of 
ecosystem response to stress m m e  to apply appropriate ecmtro! tachnolopes or 
runedial acuons add is applleablt across tartsvlal ccosyrterns md among a vancty of 
chcmical contaminants 

. 
d a monitoring technique wing oument cychg processes wilI allow design cntena for 

su~tegy  Data from autncnt cychg procases measured JLI struscd amryrtemr would . 0 
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Dcvciopment of an ecosystem monitor would allow verbeation of ph)mcochernrcal 
and mlmbid cfficts tests used in the lilboretory under TSCA and FIFRA guidelrnts 
The pammetcrs measured will provide a conwlung documentation of ecosystem 
response to and/or recovery from stress which funher allows detrmunauon of 
~cctivcncsr of controls or remcdid acbons Finally, an tcosystcm monitor prowdes 
feedbud LO both theory and understmdmg of ecosystems and lo regulatory bodres for 
use in standard evaluabon and yidehne development 

Such C C O B Y S ~ C ~  momtors respond to the collage of contaminant inputs but do not 
(I)  mcasurc contarmnant concentrations. (2) esumate bioaccumulation rates, or (3) 
ntcessmly rdicct spec& population ar community chanEes over the shorbterm The 
rrnplQntntatJOn of ecosystem rnomonnp methods would allow cost-aflictwc, long-term 
scnsruve detcuon of tcosystun rcsponses to und recovery from stress If effects wue 
detcctcd. othc, more specific techniques could be unploycd to quantify the nature of' 
thc cffccts on cornmumtics or populations 

6. Uniqueness of an Ecosystem Monitor 

The concept of usrng an ecosystem monitor for aamimng effects on ~unstnal  
ecosystems has becn substaetisttd through the use of dose-response rtlnuoorhips which 
have been developed from field and microcosm studies For example, the Crooked 
Creek Watarhcd study (Jackson and Watson, 1977) was conducted m an mea havlng 
a clearly defined concentrauon gra&enl of hcavy metals Usmg unpolluted control cites 
for statisucal oornpanson. chanpes rn nutncnl pools II] soil. ht~er.  and pnmary producers 
wcte strondy correlated with metal concenuallon Thls druption of nutnenl cyclmg 
processe6 was lata conf~rmcd usmg forest microcosms mated wJth heavy metal 
emishons (Jackson M a1 , 1977) 

The Crooked Creel. Watershed study whcrc o polluaninlpadmt was clevly established 
validates the concept of the ccowstcm monimr prestcted above because - Contaminant rnonitonng provlded documentauon of hcavy metal l o d n g  rats and 

d&ned the pollutant gradient rn the aflccled area - Biolog~cd monitonng documented thc effects of hcavy metals on populations and 
commun~ties (e g , mvmcbrstes) within thc diecicd area In addition, bioaccumu- 
lation m vanous species were established (e 0 ,  rodents) 

- E ~ O S ~ F ~ C Z I  moniiovrg detected the aisruptivc effects of heavy metals on the cotire 
ecosystem bj measunng nutnent cycling processes This moniionng tool can also be 
usad to dacmine whether the nosystem is degrading further or compensatrng for tbc 
chenucal-induced stress 
Applying appropnaie monitonng stralqes to pomt-source pollullon problems as 

dcscnbcd nbovt may not be as dif i~ul t  PS their apptcaoon to non-point source 
problems T h e  current acid precipitation problem I& a good c u e  11) point Without 
adequate hisloncal tnfomation. ronurninant momtonng (I c , awdity) and biologrcal 
montlormg may no\ be useful lo- cffccts documatatton Thts conclusion is bud on 
thc obrervation rha acidity does nnl bioxcumul~tc, thcrc is no clearly defined acidity 
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prodtent, md cflcctr on spocles and communrtler would be exvtmtly cwfrcult to ucnk 

An ecosystem level monitor should post fewer rnttrprrtlvc lunirulons thm either 
contaminant or biologicd monitors for non-pomt source polht~on. Monilonng cco- 
system processes such AS nutntnt cychg  provldcs the ability to mcaxure total reaponst 
to stress in addition, syncrgswc effects (cg , heavy metal-acid~ty) can be dctcnnrPcd 
even though the internal mechanisms may not be obmous 

to Wdlty 

7. Conclusions and Rtcocamen&tloar 

A thorough review of Lhemical &ectt monitonng of tcrrcstnal ecosystems indcntcs that 
ecosystem-lcvcl monitonng progrnrns should be used m prdorencc to btoiogd mom- 
tonng Ecasystcm-level processes can bc measured and used in monrtonng deu of 
poUutnnts on the totd terrama1 ecosystem Potcatad moaton mclude (1) total 
ecosystem produtttwy, (2) system carbon mcuboksrn, aad (3) nutncnt cyckag 
proccsses and system rctentlon efficiency. 

Monltonng OuLnent cyciing processes have been ucpenmcntally v d t d  to be 
scnsrbvc indicators of ecosystem s t m s  as B result of chcmicd or physical bcruption. 
In both luboratory nnd field stu&es, numcnt cyclrng effkcu occurcd Et l o w  chomlcsl 
conuminmt conccntrationz than measurable popul;rtron or commutty dtctt. An 
ecosystem-level monitor mny pore fcwermterprewc htrUlonr than atha contaminant 
or kolopcd monitors for non-point source pollution. 

L 
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1 WOB Comment_ $ on 

Page 1-4, Sccoon 1 1, Volume I 

complete and Phase 2 is i n  propss, but the document is a Phase I document. 

Page 2-5, Secnon 2 1.1 1, Volume I 
DW-DO1 1 wastes are now hazardous wastes due to toxicity under the Toxicity 

Charactensnc (TC), and the Toxiaty Charactensac Leachmg Procedure (TCLP) is the test 
that is used to d e t m n e  the toxlcity charactensac. EP Tomcity is no longer in use. 

In the last sentence on the page the word "solunons" is spelled mcorrectly. 

I BEL/RI W o r w  ()Der- h'o. IO; 

What is the dfference between Phase I and Phase 1' It states that Phase 1 is 

Page 2-7, Secnon 2 1 1 4, Volume I 
The possible contamrnants are hsted as berng pluton~urn, americium, and uranim 

The hazardous wastes that are listed on page 2-5 (D001-DOl1, FoO1-FOO3, F009) should 
also be listed in this Secnon as possible contarmnants 

Page 2-97, Secnon 2.1.10 1 ,  Volume I 

"these 460 dumpsters 
The last sentence on the page should read "Budckng 460 dumpsters" mstead of 

Page 2-1 16, Secnon 2 1 12 4, Volume I 

should be deleted 
In the last sentence on the page, the phrase "for this area" is repeated and one set 

Page 2-120, Secnon 2.1.14.1, Volume I 
It states that "IHSS 210 is currently berng used 111 a 90-day storage unit", but this 

contradicts the next sentence which states "as of May 31, 1988, all hazardous waste was 
removed from MSS 210." If the unit is bemg used a a 90-Day storage unit, hazardous 
wastes are snll present (*'m*' should be replaced by "as") 

Page 2-125, Secnon 2.1 15 1, Volume I 

completely correct Saltcrete is made from m g  salt and bnne resulnng from the 
evaponnon of hqmd process waste water wth portland cement 

no longer correct 

matenal whlch results m falure of the contamer" is l ~ l ~ ~ r r e ~ t .  Weathenng desmyed the 
onpal  contamer, whch resulted in the release of the incompletely sobdfied waste 

In the first sentence, the word "results" is sapelled incorrectly 
The statement that "saltmete results from evaporanon of kqud process water" is not 

The statement that "materxals wdl be removed from the 904 Pad by October 1991 is 

In the last paragraph, the statement that "mcomplete sobddicabon of the waste 

Page 2- 126, Secnon 2.1.15 1 ,  Volume I 
The word "cubic" is spelled incorrectly 

Page 2-126. Secnon 2 1.15 2. Volume I 
Y 

In the last paragraph, the second Sentence should read 'The runoff may result m 
chromc low levels of contarmnates bemg released into Pond B-5 and discharge from 
the pond vlolate the NPDES perrk." 

Page 2-128, Secnon 2 1.15 4, Volume I 
The word "uranium" is spelled mcorrectly where it states " w u m  238 " 
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Page 2-134, Secnon 2 1 16 1, Volume I 

tvapoxauon of liqmd process waste" is not completely correct Saltnete IS made from 
mxmg salt and bnne resultmg from the evaporation of liquid process waste water with 
portland cement. 

The statement that "saltmete , a rnatenal s d a r  111 nature to pondqete rcsulnng from 

Page 2-140, Secuon 2 1 16 1 ,  Volume I 

und all matenals are removed" is mcorrect. All matends that had poor conmment have 
either been transferred to metal boxes or have been rebagged in duck plasnc bags, and there 
have been few spllls since the rebaggmg 

Page 5-7, Secnon 5 7 1 ,  Volume I 
It states that "although RCRA regulanons wU duect the RI at OUlO, CERCLA wll 

also be considered for gmdance because 1s specdies 111 greatest deml the steps that should 
be followed for selection of remedal altemanves" ('W' should replace ''is'*). RCRA allows 
more flexibdity than CERCLA, and all steps under CERCLA should not necessanly be 
followed if they are not needed. 

The statement that "there IS a high probability that leakage of mated will mnmue 


